microsaccades [2] [3] [4] [5] . Microtremors are constant high frequency The equipment for eye movement detection has significantly 31 advanced in recent decades from rudimentary and invasive meth-32 ods, like the electrooculogram [6] or scleral search coils [7] [8] [9] , to 33 non-invasive systems as the video-oculography [10] .
34
The principle of the "search coil" technique is based on the 35 induction of an electrical field on as small coil [7] . Although it is 36 highly invasive, this method is actually considered the "gold stan- 
Subjects and methods

71
Images of the frontal cornea were obtained by illuminating the 72 eye with a Haag-Street style slit-lamp (SL-990). Video sequences 73 were captured with a digital video camera working at 63 fps and a 74 spatial resolution of 800 × 560 px attached to the lamp (see Fig. 1 ).
75
Diffused illumination was used to obtain uniform illumination on 76 the whole cornea and a red filter was additionally used to avoid 77 discomfort to the subject. 
84
Three different sequences were registered for each subject's 85 right eye with the left eye occluded. Measurements were taken in 86 total darkness to avoid reflections and discomfort to the subjects.
87
During the measurements a red LED was used as a fixation point.
88
Residual head movements were restrained by the use of a dental 89 bite bar and firmly fastening the head to the chinrest frame. Finally, 90 the chinrest structure was reinforced with lateral supports, as can 91 be appreciated in Fig. 1 . In order to further minimize the head move-92 ments the subjects were asked to not breathe during the measuring 93 time, which lasted 10 s.
94
Obtained images are analyzed off-line using MATLAB. Edge aperture, known as "hippus" [16] . 
Image processing algorithms
103
The method here applied consists of detecting the pupil con- tour these data are removed from the set to be fitted to an ellipse.
119
The excluded data are a small percentage of the points delimiting 120 the pupil and they not affect to the goodness of the fit. The coordinates (x, y) of the pixels forming the border of the 122 pupil are fitted to the ellipse general equation:
In Annex 1 we show the obtention of the geometrical param- for such adjustment can be found in [18] .
128
The correspondence between pixels and real distances is We have studied the spontaneous variations of the pupil diame-137 ter under constant illumination or hippus [16, 20] . In Fig. 3 we show shows that there is not asymmetric deformation of the pupil during 141 is activity. In Fig. 4 , we show the eccentricity of the ellipse for the 142 same subject (subject AR to shape variations. It has been described in the bibliography [22] 160 that pupil can displace depending whether the eye is looking to 161 close or far objects. In this case, since the accommodation distance 162 is fixed, we can assume that registered displacements are due to 163 eye movements.
164
In Fig. 5 we show the gaze tracking of one typical subject (subject provides better insight about the eye movement structure. In Fig.   173 6 we represent those components after removing a linear trend.
174
Microsaccades can be clearly identified there as sudden jumps.
175
These movements are considered small saccades that occur during In some measurements and for some subjects appeared peaks of an automatic procedure has to be design in order to recognize and
186
properly describe microsaccadic movements.
187
As we described above, drifts can be seen as a low frequency Our system samples at 63 Hz, so movements above 32 Hz will not 192 be correctly registered.
193
The specific values of the ellipse orientation, which can be 194 obtained from expression (A.14) are not an important parameter,
195
but it is their variations, since they will inform about cyclotorsional 196 eye movements. In Fig. 7 we show this parameter for the subject 197 here analyzed. In Table 2 
Thus the ellipse is centered in the point
Major semiaxis, a, minor semiaxis, b, and the eccentricity, e, are
251
given by
In case of being B different to zero in (1), we redirect the ellipse Now, the ellipse can be expressed as
Grouping terms we get
The principal axes of this ellipse must be parallel to the Cartesian 
